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etectors, especially for fragments with small charges, will allow to search for projectile fragments with fractional charge.The good charge resolution of our d
rap only.
adifferent energies can help to answer the question whether multifragmentation is related to a phase transition of nuclear matter or whether it is a statistical beku
g. n experiment exposed to a GeV Pb beam at the GSI Darmstadt is under analysis. Comparing the frag- mentation systematics for different targets t
g emsson angles and transverse momenta of the fragments will be determined. We have carried out similar experiments before using different ion beams at lower eneriesA1 A
studied using stacks containiniiCR—39 detector foils. Charge,
emi Multifragmentation events in which several intermediate mass fragments are tted from the heavy Pb projectile will be
stigate contriwill allow to invebutions to charge changing reactions by electromagnetic dissociation.
targets CH2 , C, A1, Cu, Ag and Pb. Comparison of the results with those derived from an identical experiment per- formed at 1 A GeV at the GSI Darmstadt SIS
measure total charge changing cross sections and elemental production cross sections for heavy projectile fragments. These experiments will be performed for differentBP—l detectors will be used to
gstatistics are possible.
for BP—l. After development of the tracks by etching they are detected and measured using completely automated microscope systems. Thus experiments with hih
ors different target materials at the SPS to beams of Pb projectiles. Our detectors record tracks of relativistic nuclei with charge numbers Z 2 6 for CR—39 and Z 2 75
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an exponential function. A power law has been observed in several experiments OCR Output
law is expected, whereas under other conditions the charge yield has the form of
phase transition close to the critical point a charge yield shaped like a power
depend on the excitation energy transferred to the nuclear system /7/. For a
e.g. critical temperature. They predict charge yields or mass yields of IMFs that
a possible phase transition of nuclear matter with respect to a critical parameter,
statistical breakup of the nucleus. Different models of multifragmentation discuss
process is related to a phase transition of nuclear matter or whether it is only a
mediate mass fragments, IMF) are produced. It is an open question whether this
a multifragmentation reaction several nuclear fragments of smaller size (inter
Multifragmentation is observed for heavier nuclei additionally to spallation. In
2) Multifragmentation
The charge resolution is extraordinary good /6/.
detection threshold which allows to identify relativistic ions with charges Z 2 75.
measure these cross sections. Etched with NaOH the BP—l detector has a
BP—l glass detectors which are mounted in front of and behind the target to
charge changing cross sections. We use simple experimental setups containing
significantly to the total charge changing reaction cross section and to partial
delta resonances increases. The decay of these resonances should contribute
while passing a target becomes very hard and the probability for excitation of
above some A GeV the equivalent photon spectrum encountered by the projectile
of charged particles is suppressed by the Coulomb barrier. For high energies
within heavy nuclei takes place via the emission of neutrons since the emission
nuclear cross section. The main decay of electromagnetically excited resonances
electromagnetic cross section will be a factor of three higher than the total
nuclear reaction even at energies of some A GeV. At SPS energies the total
nucleus colliding with a lead target exceeds the geometric cross section for a
the nucleus. The total cross section for an electromagnetic reaction of a lead
the emission of nucleons, alpha particles, or causes a more severe destruction of
even higher resonances of the projectile are excited. Subsequent decay leads to
reactions occur due to electromagnetic interaction. The giant dipole resonance or
In peripheral collisions without overlap of nuclear matter fragmentation
further studies of this phenomenon.
spallation cross sections for Pb at SPS energies are of particular importance for
partial cross sections for small charge changes are reduced. Measurements of
experiments /S/. Total charge changing cross sections are found to increase, but
energy dependence of partial charge changing cross sections is indicated by recent
nuclei with different targets at 1 A GeV and at 10 A GeV (Brookhaven) an
hydrogen and energies above 1 A GeV /1-4/. Comparing the collisions of Au
of the partial charge changing cross sections) is observed for targets heavier than
For light nuclei like sulphur limiting fragmentation (i.e. asymptotic behaviour
l) Spallation and electromagnetic dissociation
integer charge. The detailed points to be investigated are:
our detectors, especially for light ions, we will search for fragments with non
results obtained at lower energies. Using the extremely good charge resolution of
characteristics of multifragmentation of Pb projectiles for SPS energies with
dissociation at the high energies available at the SPS and to compare the
Darmstadt (SO72). Our aim is to investigate spallation processes and electromagnetic
(WA87), at Brookhaven (E806 and E883), at Berkeley (939H), and at GSI
changing interactions. We have performed similar experiments before at CERN
Stacks of solid state nuclear track detectors are used, which can detect charge
this purpose we plan to irradiate experimental setups containing different targets.
We propose to study fragmentation of Pb projectiles at SPS energies. For
this type of experiment for the SPS Pb beam where more energy will be availab1€OCR Output
in case of a negative result from the Brookhaven experiment we plan to repeat
of experiment for the Brookhaven Au beam. The analysis is under progress. Even
nuclei complexes may be increased. For this reason we have repeated this type
earlier experiments with O and S and therefore the probability to produce quark
projectiles the volume of the colliding nuclei is enlarged in comparison to the
the 200 A GeV sulphur beam at CERN, also with a negative result. For heavier
probability of these particles have been derived. This experiment was repeated for
from CERN /17/. No candidates have been found and limits of a production
by oxygen beams of 14.5 A GeV from the Brookhaven AGS and of 200 A GeV
served in stacks of CR—39. We have searched for such objects produced in lead
mean free path of several millimeters and charges above Z = 5 they can be ob
these quark nuclei complexes have a decay time in the order of 10`sec, a12
allow quarks to separate and become strongly bound to nuclear fragments. If
In collisions of heavy nuclei the large volume of the collision region may
4) Search for non integer charged fragments
by different reaction mechanisms which may depend on projectile energy.
fragments /10,13/. This indicates that spallation and multifragmentation are caused
momentum distributions are significantly different for IMFs and heavy spallation
SPS Pb beam are of particular interest. Furthermore, the widths of transverse
grows for larger projectile energies, transverse momentum measurements for the
butions, has recently been discussed /16/. As the magnitude of these contributions
arising from interacting nuclear and Coulomb fields to estimate fragment distri
need to include dynamically contributions by the transfer of collision momentum,
which holds for fragmentation of lighter projectiles. Based on this observation the
significantly enlarged in comparison to predictions of the statistical model /15/
shown that the width of transverse momentum distributions for all fragments is
experiments performed at BEVALAC energies using Au projectiles /10,13/ have
the transverse momenta of the fragments from their emission angles. Our
approximation identical to that one of the projectile. Therefore we can determine
The longitudinal momentum per nucleon of the projectile fragments is in good
3) Transverse momenta
possibly show a minimum exponent for certain impact parameters.
exponential function. For H target fragment yields may follow a power law and
system should be excited above the critical point and IMF yields should follow an
differences for H, C, and Pb targets. For the heavy Pb target the fragmenting
teristics follow the systematics of a phase transition we expect significant
Pb nuclei for different targets at SPS energies. If multifragmentation charac
system is below the critical point. We plan to investigate multifragmentation of
However our data for Au projectiles and H target indicate that at 1 A GeV the
was observed by the ALADIN experiment for targets C, Al, Cu and Pb /14/.
expected for a system breaking up under critical conditions. A similar behaviour
power law changes with the impact parameter and goes through a minimum, as
a dependence in form of a power law for IMF yields /13/. The exponent of the
of fragments with Z 2 6. Our data for Au projectiles and C and Pb target show
parameter for individual collisions can be derived from the total observed charge
projectiles at BEVALAC energies so far /10-13/. Information about the impact
nuclear track detectors. We have analyzed multifragmentation of Au and U
requires the measurement of IMFs in coincidence. This is possible using plastic
A more detailed understanding of the fragmentation of heavy nuclear systems
energy.
idea that at high projectile energies excitation energies are far above the critical
exponential charge yield for IMFs was observed /9/. This result agrees with the
the breakup of Au target nuclei hit by 200 A GeV oxygen projectiles an
investigating target fragmentation /8/. However, in an experiment investigating
used in several experiments investigating heavy ion interactions /1—4,6,10,l2,13/. OCR Output
detail by W. Trakowski et al. /18/. This system was continuously developed and
A first version of the measuring system using a MC68000 was described in
disk. Our system can measure up to 50000 particle tracks per hour.
by a MicroVAX and the measured data are stored for further analysis on hard
be performed. The activities of the different microprocessor systems are coordinated
of view for tracks the positioning and focussing for the next field of view can
During the time of typically l sec which is necessary to analyze a digitized field
foil in focus. The different components of the system work parallel to each other.
and measured by software. An autofocus system keeps the surface of the detector
32-bit microprocessor MC68020 or MC68040, respectively. Tracks are detected
memory of an image analysis computer. These devices are built based on the
through the microscope by a CCD—camera is digitized and transferred into the.
which is moved by microprocessor controlled stepping motors. The image seen
detectors. For this purpose the plastic foils are mounted on a microscope stage
automatic systems to detect and measure the etch cones on the surface of the
The analysis of the track detectors is done at the University of Siegen using
two detector surfaces is 07 = 0.1e for charges Z = 77, 78 and 79 /6/.
projectiles in our Brookhaven experiment. The charge resolution for BP—1 glass on
Figure 2 shows the charge resolution achieved for fragments of 10.6 A GeV Au
oz = 0.0Se, 0.1e and 0.2e for fragments of charge Z = 6, 25 and 50, respectively.
the setup on typically 50 detector surfaces. In this case the charge resolution is
The charge of the fragments is precisely measured in a deep stack at the end of
The CR-39 detectors record tracks of relativistic nuclei with charges Z 2 6.
2 A MeV/c to separate etched tracks.
projectile the difference of the transverse momenta must be larger than
projectile fragments moving into the beam direction with the momentum of the
of fragments that are emitted with an angle greater than lO`3 degree. For
shows the experimental setup. For the proposed setup we can separate trajectories
of and behind the target over a path of about two meters. Figure 1 schematically
detector foils with gaps between them are aligned along the beam axis in front
IMFs of Pb projectiles at SPS energies using experimental setups in which few
momentum is necessary to separate these tracks. It is possible to investigate
particle trajectory has a width of less than S nm only a small transverse
forward direction form separate etch cones. Since the damaged region along a
Projectile fragments coming out of the same interaction point and going into
determined very accurately.
surface. Therefore fragment charges and emission angles of the fragments can be
followed through the stack; charge and track position are measured on each foil
size gives the charge of the relativistic particle. The trajectories of nuclei are
of the particles. After a calibration of the detectors a measurement of the track
developed by etching. The size of the etch cones is a function of the energy loss
radiation damage along the path of the particle. These latent tracks can be
beam direction. The ionization of the beam nuclei and their fragments cause a
exposed to the heavy ion beam with the detector surface perpendicular to the
or BP-1 glass, each having a thickness of 0.6 mm or 2 mm, respectively, are
We will use solid state nuclear track detectors. Stacks of CR-39 plastic foils








projectile target fragment detector Charge detector
Time requested: 10 h
2
multifragmentation 15 x 15 cm2 200 cm CH, C, Cu, Pb
fractional charge 10 x 10 cm2 20 cm Pb, about 2m upstream
spallation 10 x 10 cm2 6 cm CH2, C, A1, Cu, Ag, Pb
experiment type area depth targets
Dimensions:
Detectors: passive track detectors CR—39 and BP-1
between 2‘10·’ and 3*10* particles/cm
Beam: SPS Pb beam, different energies if possible
Summary of exposure conditions:
with other track detector experiments in the same run.
with different beam spots will be necessary. Our stacks can be irradiated together
If the beam spot is smaller than the stack area multiple exposure of a stack
Our experiments using passive track detectors need only short exposure time.
fragments. OCR Output
cones shown on the abszissa is ‘§·6f>5Hiona1 to the charge of the
downstream a 58.14 g/cm2 Pb target. The measured area of etch
Figure 2: Charge distribution measured for fragments of a 10.6 A GeV Au beam
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